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@lRECTOR‘S MESSAGE

During 1994, the Jet Propulsion Laboratory (JPL) had many significant ac-
comphshments, including a number of important discoveries by JPL-managed
projects. The TOPEX/Poseidon oceanographic research satellite, for example,
deepened the saentific understanding of the El Nifio disturbance in the Pacific
Ocean; the Ulysses spacecraft found some unexpected phenomena at the Sun’s
south polar region, the second Wide Field/Planetary Camera on the Hubble
Space Telescope ylelded a rich bounty of new astronomical/astrophysical find-
ngs, and the Galileo spacecraft made history with its observations of comet

Shoemaker-Levy 9's hery collision with Jupiter.

The past year was also a tme of profound change, as the Laboratory continued
to adapt itself to the new international, national and budgetary environments
of the mid-1990s. No organization survives today without a rapid, focused re-

sponse fo its environment.

JPL has been successful 1n the past by responding to the nation’s needs duning
the Cold War. That era has passed and a new one 1s evolving. The Laboratory
today 1s concentrating 1ts creative energies on satisfying customer needs, de-
veloping exciting, yet low-cost, missions of saenufic discovery, modifying its
internal processes, improving its business practices and contnibuting to the eco-
nomic and soaal vitality of the nation. The Laboratory intends to transform

itself so that 1t can do what no one has done before.
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g ELEBRATION AND CHANGE IN 19943

In 1994, JPL celebrated the 50th anniversary of a major change 1n its
history — the June 1944 signing of a contract with the U.S. Army to begin
development of a long-range mssile for use during the Second World War.

The Army contract began the transformation of what until then had been
the Guggenheim Aeronautical Laboratory of the California Institute of Technol-
ogy (GALCIT) into today’s JPL. GALCIT had been a small research laboratory
within the California Institute of Technology {Caltech}, with a staff of less than
100 graduate students and technicians, an annual budget of a few hundred
thousand dollars and a charter to conduct basic rocketry experiments. The JPL of
today — an operating division of Caltech, performing research and development
for the National Aeronautics and Space Administration (NASA) — has some
5,900 employees, an annual budget of approximately $1 billion and a wide-
ranging charter for Solar System exploration, Earth observations, astrophysical
research and technology development.

As it happened, this 50th anniversary coincided with a new round of
changes taking place at JPL — changes affecting its organizational structure, the
size and makeup of its work force, the way it designs and builds spacecraft, the
way it operates missions and the way it conducts business.

Major transformations like this are always a response to some forcing
event. In JPL's case, the forcing event has been a rapid and radical alteration to
the environment that, since 1959 {the year the Laboratory was transferred from
the Army to NASA}, had been a very favorable one for the nation’s dvil space
program. In the span of just the last few years, we have witnessed:

» The dissolution of the former Soviet Union. Space exploration 1s no
longer the competitive international arena 1t was only a decade ago. Instead,
cooperation is now the norm and the Laboratory is forging new relationships
with European, Japanese and Russian space organizations.

» A new political environment. The November 1994 elections are widely
regarded as a sea change in the U.S. political agenda. There has been specula-
tion about reorganizing the nation’s sdence and engineerning resources, but it
remains to be seen what directions the new Congressional leadership will take.

» Sharp cutbacks in Federal spending. Every Federal agency, incduding
NASA, must confront the prospect of shrinking budgets into the early years of
the next century and consider the impact of these reductions on programs and
personnel. And, of course, whatever affects NASA affects JPL.

¢ The decline in the U.S. aerospace industry. As U.S. Department of

Defense funding has tapered off, aerospace firms are looking for other business




opportunities in which to apply their manufacturing and technological skills. JPL
1s exploring new partnerships with these compames.

Recogmizing these changes, JPL has begun to reinvent itself to meet the
challenges of the 21st century. The Laboratory has embraced the complemen-
tary concepts of Total Quahty Management and “reengineenng business
processes” as it moves toward becoming a more effident organization —
meeting customers” requirements quickly, with scrupulous attention to costs
and schedules, while maintaining traditionally high standards of scientific and
engineering excellence

Toward that end, JPL is looking at its spectrum of skills to see how these
can best be used in service to NASA and the nation. The Laboratory has
significant capabilities in several areas: planetary exploration; telecommunica-
tions (the management and operation of the Deep Space Network, NASA’s
worldwide system for communicating with spacecraft); saence support for
NASA’s Mission to Planet Earth and astrophysics (particularly in the detection
and analysis of long-wavelength radiation); robotics; supercomputing; mcro-

electronics and microdevices, and certain classes of sensors

o_%nunn TO MARS AND SATURN

Planetary exploration has been the hallmark of JPL's acuvities for more
than 30 years. Since its Mariner 2 spacecraft cruised past Venus in 1962, JPL
spacecraft have fiown by or orbited the Sun and every planet in the Solar
Systern, save Pluto. These missions have returned staggering quantities of data
— from images of planetary surfaces and moons to measurements of tempera-
tures, atmospheric pressures and electromagnetic environments. And yet,
despite this bounty of informauon, saennfic investigation of the Solar System
has only begun.

Mars — roughly half the size of Earth, yet marked with disproportionately
large volcanoes, canyons and nverine features — was examined by six JPL
spacecraft in the 1960s and 1970s. The planet 1s once again the focus of scientific
attention; in 1994, JPL established a Mars Exploration Program Office to create
a series of low-cost mussions to this intriguing body between 1997 and 2005.
These ventures will pick up where the Manmner and Viking missions left off and
should expand understanding of the so-called Red Planet.

The first two new Mars spaceaaft are Mars Pathfinder and Mars Global

Surveyor, the first being built at JPL and the second at the Denver, Colorado,
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plant of the Laboratory’s partnier, Marun-Marietta Astronautics. Both missions
are to be launched toward Mars in late 1996, within a month of each other.

Mars Pathfinder, arriving at the planet in the summer of 1997, isto be a
proof-test of an innovative engineering concept for placing robotic spacecraft
safely on a planetary surface with as small a retropropulsion system as possible.
This concept envisions a combination of an aeroshell, parachutes, small sohd-
fuel rockets and air bags to slow and lower a spacecraft in a planetary at-
mosphere, and, finally, to land it on the surface. Once there, the landing
platform — itself a functioning spacecraft — will deploy a microrover onto the
surface to conduct science experiments. NASA has capped Mars Pathlinder costs
at $171 million over the course of three years and JPL is carrying out the project
within budget.

Mars Global Surveyor, entering near-polar orbit around the planet in the
fall of 1997 (using the aerobraking technique experimentally demonstrated by
JPL’s Magellan mission to Venus), will spend two years mapping the planet’s
surface topography, geochemucal composition and weather patterns. The lessons
learned from the earlier Mars Observer mission are being applied to the design
and manufacture of the new spacecraft: Changes have been made to the
propulsion system to preclude premature mixing of its hyperbolic propellants,
identified as the most likely cause of the Mars Observer failure. Mars Global
Surveyor will be a less costly spacecraft to develop than the earlier mission
($154 million versus $510 mullion) because 1t will incorporate surplus Mars
Observer hardware and software, will be lighter (650 versus 1,100 kilograms)
and will be launched by a less expensive rocket (a $50 milhon Delta versus a
$350 million Titan 3/Transfer Orbital Stage).

Martin-Marietta Astronautics was selected to build the Mars Global
Surveyor spacecraft on a 26-month timetable to meet a late-1996 planetary
launch opportunity. The spacecraft will carry six science instruments, but will
still be light enough to launch aboard a Delta rocket.

The Cassini mission to Saturn — an international venture involving
NASA, the European Space Agency and the Italian space agency (Agenzia
Spaziale Italiana) — is another major Solar System exploration effort in develop-
ment. Last year, NASA assigned to the Cassini Project Office responsibility for
the Titan 4/Centaur launch vehide, and the Huygens probe to be landed on
Saturn’s moon Titan, adding to the office’s basic responsibility for the Cassini
orbiter spacecraft.

Cassimi made significant progress in 1994. The project was recertified to

reassure NASA about three major issues: The spacecraft can still be launched to



Saturn in 1997 by the Titan 4/Centaur rocket; 1t remains a world-class mission,
despite a reduction in development funds, and its operational and analyucal

costs will not exceed NASA’s funding cap.

1.7NNOVATIONS IN MISSION DESIGN

In the design and fabrication of Mars exploration spacecraft and other
projects, JPL is applying Total Quality Management concepts to mission assur-
ance, a new approach perhaps best expressed by the adage, “Don’t inspect
quality into the product after manufacture; design 1t into the process.” Toward
this end, JPL has recently created two key facilities: the Project Design Center
and the Flight System Testbed.

The Project Design Center, a network of nine computers linked to a
common database and housed in a 220-square-meter office, provides an
environment where engineers, scientists and support personnel can work
together — and concurrently — on the major elements of a new mussion,
induding science goals, hardware, software and operations. Projects such as
Pluto Express, Mars Pathfinder, Mars Global Surveyor, the Space Infrared
Telescope Facility (SIRTF) and others are already using the Center’s capabilities.

A team from the Pluto Express predevelopment office, for example, uses
the Center to engage in imaginative “brainstorming” sessions about the mission
to explore the ninth and only unwvisited planet in the Solar System. In a given
session, the team tackles any number of issues: What if the size of the Pluto
Express antenna were increased? How much more data could be transmmutted
and at what rate? Could transmutter power be reduced? How much additional
mass would a bigger antenna add to the structure? Would that greater mass
affect the launch vehide’s performance® Would the cost of a larger antenna
adversely affect the project’s funding cap? Could such an antenna be developed
1n time to meet the schedule? The Center allows engineers to obtain answers to
questions like these in real time — and share the information promptly with all
other team members.

A tool complementary to the Project Design Center and equally valuable
1s the Flight System Testbed, a complex of three test stations and separate com-
puter network in a 170-square-meter room. The Testbed allows engineers and
scientists to work out the problems of new designs (or new technologies) very
early in a project’s life cycle. For example, a project office might want to de-

termine how well an advanced camera system would work in an evolving
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spacecraft design. By mounting a prototype camera on a test station and
connecting it to computers that simulate the spacecraft and ground systems,
engineers can create a “virtual” spacecraft, put it through its paces and make
the necessary determination.

NASA intends to revolutionize space exploration in the 21st century by
flying more missions — addressing a broader spectrum of scientific questions —
more frequently and yert at lower cost. JPL’s Project Design Center and Flight
System Testbed both represent important means to helping achieve this goal.
The Laboratory and its industrial partners are already investigating a new
generation of small, versatile spacecraft and instruments that will take less time
and money to build and operate than anything previously flown in space. The
Laboratory’s New Millennium program, a good example of this forward-looking
effort, will develop and flight-qualify a set of advanced technologies that will
radically change the character of space exploration.

The New Millennium program focuses on areas such as autonomous
mission operations, miniaturized and microsized machinery and sensors,
microelectronics, telecommunications and advanced materials and structures;
JPL approaches the development of each of these technologies with design-to-
cost as the paramount concern. Laboratory personnel pursue vigorously the
best-possible performance, but not at the risk of exceeding budgetary limits or
missing scheduled milestones.

The New Millennium program holds out intriguing possibilities: Very
compact and integrated planetary orbiters or landers, weighing just a few tens of
kilograms, would effectively be on their own once launched. These spacecraft
would self-navigate to their targets, steer themselves into orbit (or down onto
a surface) and report back to Earth only when downloading data or facding a
problem that their onboard systems could not handle. Such operational au-
tonomy would greatly reduce the need for ground-based support. Many
missions could operate simultaneously in different corners of the Solar System,
without swamping the Deep Space Network with up- and downlink transmis-
sions of routine information.

Looking beyond these small-spacecraft concepts, JPL engineers can
envision an even more advanced generation of exploratory spacecraft and
probes called “spacecraft-on-a-chip” — a complete set of systems reduced to
integrated circuits and microdevices mounted on a single substrate. Clusters of
these tiny, silver dollar-sized probes could be dispersed into, for instance, the
Jovian magnetosphere or the Venusian atmosphere, with their measurements

relayed back to Earth via an orbiting mother spacecraft.
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It rmight be possible someday to combine the spacecraft-on-a-chip concept
with another new technology — inflatable/deployable structures — to create
large, lightweight booms, antennas, reflectors or even complete spacecraft. JPL
and an industrial partner, L’Garde Inc., of Tustin, California, are at work on a
14-meter-diameter antenna that is made of aluminized Mylar film and Kevlar
and s parabolic in form when inflated. Folded into a small volume, the antenna
will be proof-tested during a space shuttle mission in 1996.

The antenna could be the forerunner of even more advanced inflatable
structures, equipped with systems and sensors “on-a-chip” and packed into a
volume no bigger than a bass drum. Once launched by small-to-medium rockets
into space and inflated by a gas pressure as little as 133 x 107 pascal {approxi-
mately 1/10,000th of the air pressure at sea level on Earth), these fully deployed
structures could have the dimensions of a Hubble Space Telescope or Gahleo
spacecraft, but only a fraction of their mass. And if a particular mission called for
a rigid structure, the inflatable matenal could be chemically coated so as to *set”
when exposed to solar ultraviolet or infrared (heat) radiation.

In another effort to revolutionize space exploration, NASA last year
challenged the space science commumnty to submut creative ideas for a new class
of low-cost planetary and astrophysics missions called Dhiscovery. Each Discovery
rmussion will cost less than $150 million to develop and less than $240 million
total, induding launch and operations. The response to the NASA challenge
from universities, industry, JPL and other NASA field centers was impressive.

JPL submirted several ideas in conjuncuon with various university and
industrial partners. These include a spacecraft that would fly through the coma,
or tail, of an active comet, taking images and returning samples of coma dust to
Earth for more detailed analysis; a spacecraft that would collect samples of solar
particles streaming outward from the Sun and return them to Earth for further
analysis, and a spacecraft that would transport 16 smalwl probes to Venus,
scattering them throughout the planet’s atmosphere to study its unusual

circulatory patterns.

5TUDIES OF THE DISTANTY UNIVERSE

The Laboratory’s inquiries are not limited, however, to the other bodies of
the Solar System, but extend beyond to the distant Universe. There is a rich lode

of saennfic data about galaxies and galactic processes to be mined in the longer

" wavelengths — infrared and submillimeter — and JPL has two missions under



development 10 extract that information: the Wide-Field Infrared Explorer
{WIRE) and the Space Infrared Telescope Facility (SIRTF).

WIRE 1s a cryogenically cooled telescope with a 30-centimeter aperture
that will look for both “starburst” galaxies, systems already formed where large
numbers of stars are formung in localized regions, and protogalaxies. starry
systemns just in their infancy. This small, simple spacecraft will operate for about
four months and explore two wavelengths (12 and 25 micrometers) with a
sensitivity 500 times greater than that of the Infrared Astronomical Satellite.
JPL’s partner in the $50 million WIRE project 1s Utah State University.

SIRTF, one of NASA’s four great observatories, will broaden and deepen
the investigations of both the WIRE and Infrared Astronomucal Satellite mis-
sions. SIRTF will explore a wider band of infrared frequenaes with a spec-
trometer (3.5- 10 40-micrometer wavelengths) and an imaging camera (10- to
180-micrometer wavelengths).

Responding 1o NASA’s requirements for a smaller, less costly space
observatory, JPL has reduced the mass of SIRTF from 5,700 to 750 kilograms
and the cost from $2 billion to $400 million over the last two years. Perhaps
the most sigraficant change to the rnission has been the idea of placing SIRTF 1n
solar orbit, trailing — instead of orbiting — Earth, Earth orbit is not an optimal
arena for an observatory like SIRTF because observation time is limited to the
night side of the planet. Also, reflected heat and hght from Earth create thermal
problems and ground operations are complex. These and other problems would
be minimized in solar orbit as the spacecrait drifts to about 50 million kilometers
behind Earth during the course of 1ts 2.5-year-long hfetime.

Another JPL instrument, the second Wide Field/Planetary Camera, began
operating aboard the Hubble Space Telescope in 1994, and its performance was
widely hailed. After the telescope’s primary mirror was discovered in 1989 to
have a spherical aberration that made it impossible to focus collected hght
sharply enough, JPL was asked to redesign the second camera (already under
development} to compensate for the flaw and, moreover, to do so in time to
meet a scheduled December 1993 servicing mission. The redesign incduded an
adaptive optics system with a new secondary mirror (about the size of a dime)
shaped so as to counter the aberration — and a senes of still smaller adjustable
mirrors that could be commanded to tilt or tip to tighten the focus even more.

Successfully substituted for the first Wide Field/Planetary Camera dunng
the 1993 servicing mission, the second JPL camera underwent an extensive
checkout at the start of 1994 and then began taking a series of breathtakingly

clear images, capturing objects both within and far beyond the Solar System:
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» Newborn stars in the Orion nebula, surrounded by planet-forming disks

no more than a few hundred thousand years old.

» Complex patterns of ejected material from the exploding star Eta Carinae.

» Forty Cepheid stars in the Virgo Galaxy M100 whose variable brightness
has long been used as a cosmic yardstick and should now enable astronomers to
calculate the precise rate of the Universe’s expansion for the first time.

» Red dwarl stars, hypothesized to be as numerous throughout the
Universe as sparrows on Earth and so accounting for upward of 90 percent of
the “missing mass” of the Universe, but revealed by the JPL camera to be rare.

* A spectacular storm raging high in Saturn’s upper atmosphere.

JPL’s second Wide Field/Planetary Camera restores the Hubble’s capa-
bilities to original spedifications, enabling the telescope to see farther into the
Universe, with greater sensitivity and acuity, than any other telescope.

Through these missions, and possible participation in an international
infrared space telescope being planned for the next century, JPL scientists expect
to answer some of the more puzzling questions about the early stages of the

Universe’s evolution.

QS OLAR SYSTEM EXPLORATIONS

For JPL's long-term, deep space missions, 1994 was an eventful year.
Galileo, which has been sailing toward Jupiter since 1989, was able to observe
the fiery destruction of a comet that collided with the Solar System’s largest
planet. Ulysses, meanwhile, passed by the Sun’s south pole and is soaring
toward the solar north pole. And Magellan last year concluded an extraordinary
5.5-year-long mission at Venus, plunging into the Venusian atmosphere in a
“wind-milling” experiment that extracted useful science data up to the last
second of the spacecraft’s operation.

Galileo, on final approach to Jupiter, found itself in the right place at the
right time last summer as the fragments of comet Shoemaker-Levy 9 plowed
into the far side of Jupiter. It was truly cosmic theater — the first time humanity
has had an opportunity to witness a collision of celestial objects.

But the collisions took place not on Jupiter’s center stage, where they
would have been immediately visible to ground-based telescopes and Earth-
orbiting spacecraft, but off-stage, just around the limb as seen from Earth.
Galileo happened to be in a position where its sensors could see the impacts of

fragments G, H, K, L, N, QI, R and W as they occurred and so provided valuable
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information on the sizes, temperatures and other propenties of the fireballs
during the first few minutes of the collisions.

In particular, the impact of fragment G was recorded by three of Galileo’s
instruments — the Near-Earth Mapping Spectrometer, the Photopolarimeter
Radiometer and the Ultraviolet Sensor. This was the first time in history that a ‘
comet impact had been directly characterized. Estimated to be up to 2 kilometers
in diameter, fragment G created a fireball with a temperature of some 7,700 de-
grees Celsius — hotter than the surface of the Sun — as it smashed into the
Jovian atmosphere. Five minutes later, the fireball had expanded to hundreds
of kilometers across and had cooled to 130 degrees Celsius.

Because of widespread interest in the comet collision, JPL created a
“Shoemaker-Levy Homepage” on the World Wide Web of the Intemet. The
Homepage became an electromic repository for hundreds of impact images and
scientific information gathered worldwide by instruments in space and on the
ground. By the end of 1994, the Homepage had been accessed some 3.4 million
times, reflecting the intense public interest in the event.

Earlier in 1994, Galileo played back the tape-recorded data of its August
1993 encounter with the asteroid Ida. Ida turns out to be an irregular, S-type
body (the most common) 55 kilometers long and 15 to 20 kilometers at its
widest. Scientists were surprised, however, when their review of Galileo images
revealed that the asteroid has a moon of its own, a tiny object (later named
Dactyl) 1.4 kilometers in diameter and trailing 100 kilometers or so behind the
larger body.

The Galileo team spent much of 1994 preparing for the Jupiter amval
of the spacecraft, which consists of an Orbiter and a Probe, in Decernber 1995.
Cntical engineenng sequences were wntten for the release of the NASA Ames
Research Center—developed Probe; for the receipt of data from the Probe dunng
its high-speed descent into the Jovian atmosphere, and for the Orbiter’s inser-
tion into orbit around Jupiter at almost the same time as the Probe‘s descent.

The Galileo team also continued work on ways to speed the transmission
of data from the Orbiter’s low-gain antenna, the primary link between the
spacecraft and Earth since the umbrella-like high-gain antenna failed to deploy
fully. New data-editing and -compression techniques will allow the same
information to be r’etumed with 10 or 20 times fewer bits; this should dramati-
cally increase the data return for Galhleo’s two-year, 10-orbit tour of the Jovian
systemn. Close-up images of the planet’s four Galilean moons, which will be
gathered by the Orbiter, are expected to be 100 to 350 timés better than those
taken by the two Voyagers in 1979.



Ulysses, launched 1n 1990, 1s the first spacecraft to orbit the Sun at a
high-enough angle to observe the solar poles. Last September, its trajectory
having been warped out of the echptic plane by a dose flyby of Jupiter in 1992,
the spacecraft returned to the inner regions of the Solar System and dove to
80 degrees south latitude. There, for the first ime, scientfic instruments
glimpsed the Sun'’s south polar region.

Saentists in the United States and Europe (the project 1s an international
effort between NASA and the European Space Agency} had expected that the
Sun’s magnetic field would be similar to Earth’s — that is, tightly bunched at the
poles and spread out, like a whisk, as it arches high above mid-latitudes and the
equator That s not quite what Ulysses found, however.

The strength of the solar polar field turned out, surprisingly, to be roughly
the same as that of the solar equator field, suggesting that the Sun’s magnetic
field is not as bunched at the poles as Earth’s 1s The explanation offered by one
of the Ulysses saence teams 1s that the powerful solar wind — a high-velocity
ion stream — spreads out the Sun’s magnenc field at the poles and, as it flows
outward, pushes the magnetic flux lines 1n the direction of the equatonal plane,
dispersing them over the large distances reached by the wind.

Sdientists have long known that the solar wind blows unevenly, alternat-
ing between hugh and low speeds. The slow wind has been theorized to originate
in equatonal regions and the fast wind in coronal holes at the poles. As Ulysses
moved toward higher latitudes, saentists expected that the solar wind there
would pick up speed and flow 1n a more orderly way. Indeed, that is what the
spacecraft observed: a steady stream of elecinfied gases blowing at 750 kilome-
ters a second, or 2.7 million kilometers per hour.

Ulysses also made a discovery about cosmic rays. Prior to the spacecraft’s
solar passage, it was thought that these very energetic particles shooting into the
Solar System from other regions of the Milky Way Galaxy would be twice or
more as abundant at the Sun’s poles than at the equator because of the funnel-
ing effect of bunched magneuc fields. In fact, the spacecraft detected only
slightly greater counts of cosmic rays coming into the south pole than it had
measured in equatonal regions. This unexpected finding was due to large,
irregular changes in the direction of the magnetic field, caused by waves that
originate in the Sun and are continuously present over the polar cap. These
irregulanties appear to block cosmic rays around the poles and deflect them back
out to space. Ulysses 1s to fly over the solar north pole in 1995 and scientists are
eagerly awaiting the results from that pass

Many questions still remain about the Sun and its dynamics. As a result,

NASA 15 considenng a follow-up, joint U.S.-Russian project called FIRE that
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would involve two spacecraft sweeping close to the Sun Solar Probe, the U.S.
spacecraft, would come within 4 solar radii of the Sun, well inside the solar
corona The Russian spacecraft, called Tsiolkovsky 1n honor of that nation’s great
scientist, would approach to withun 10 solar radn of the Sun.

Thus mission, undoubtedly one of the most challenging ever undertaken
by JPL, envisions a 160-kilogram spacecraft bearing a set of four saentific
mstruments — a plasma spectrometer, plasma wave detector, magnetometer
and disk 1nager sensitive to visible and ultraviolet wavelengths. Perhaps 1ts most
mnovative element 15 a high-gain antenna that would also serve as a heat shield;
the antenna, parabolic as well as elliptical in shape, would be 1 to 1.5 meters at
1ts widest, 2.5 meters long and made of a carbon—carbon matenal that would

withstand the intense thermal and radiation environment dose to the Sun.

@BSERVING EARTH FROM SPACE

In addition to conducting extensive mterplanetary research dunng
1994, JPL made discovenes closer to home, where 1ts Earth-orbining satellites
and instruments addressed a broad set of questions fundamental to hfe on
this planet.

TOPEX/Poseidon {for Topographic Ocean Experniment and the Greek god
of the sea) is a joint NASA-JPL venture with the French space agency, Centre
National d’Etudes Spanales. Launched in 1992, the satellite has performed
superbly in measuring the dynamucs of the world’s oceans with a radar altimeter
and a radiometer. The altimeter measures the global ocean topography, relative
to Earth’s geoid, with an accuracy of 2 to 3 centimeters — with the radiometer
providing correctuions for errors in the data caused by atmosphenc water vapor.

Last year, the project made two important discovenes. The first was that
the effects of an El Nifio phenomenon in the Pacific Ocean are longer-lasting
and wider-spread than previously thought. El Nifio 1s a great surge of warm
ocean water that sweeps eastward across the equator every three to four years
when westerly winds weaken and can no longer hold the ocean mass against
the Asian continent.

The event 1s disastrous for landforms and life alike: Torrential rains and
heavy snows, stemming from storm tracks driven far south of their usual paths,
fall on the west coasts of North and South Amenca and the surge itself overndes
cooler Eastern Paafic waters, smothenng the upwelling process that brings
nutnents to the surface. Without those nutrients, fish and bird populations

decline rapidly
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Yioth Earth and the Universe swam {51 Wirlu'n Herbig-Haro

breathtaking view last year, 1hanks in part o object HH30, a star

nirtbutions by IPL: The Spaceborne imaging and its planetary
Radar—C/X-hand Symthetic Aperture Radar system are forming
SIR-C/X-SAR). 6 joint LS ~-German-ltatian inside a disk of dense
mission, flew twice on the space shuttle, obsery gas and dust. In this
1g Key sites around the world. Aboard the Earth- - camera image, the
orhiting NASA Hubble Space Telescope. 1he HH30 star is hidden
second Wide FieldPlanetary Comera revealed between the two
bjects within and far beyond the Solar System orange-yellow nebulas.
Making malor discoveries

Fram the payload bay

of the space shuitle
Endeavour, SIR-C/
X-SAR gathered data
on Earth’s environ-
ment. In the back-
ground is an area of
the Pacific Ocean
northeast of Hawaii.




Chile 's huge Pata-
gonia ice fields are
highlighted by the
space radar. Terrain
height ranges from zero
10 2,000 meters, with
low elevations shown
in blue and high eleva-
tions in pink.
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A s the fragments of
comet Shoemaker~Levy 9
collided with Jupiter in
July 1994, the camera
recorded in this photo-
mosaic an explosive
plume (lower left) and
impact debris (dark
features),
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On the island of New
Britain, Papua New
Guinea,the Rabaul vol-
cano erupted in 1994.
In this radar view, ash
deposits from the erup-
tion appear as red areas
around the large bay
and pumice fragments
as a color change at the
top of the bay.




The Mississippi River
Delta, where the river
flows into the Gulf of
Mexico, is shown in
this radar image. The
main shipping channel,
seen as a thick vertical
line, runs northwest

to southeast.

Supermrva SN1987A
exploded 170,000 light-
vears from Earth, leaving
a triple-ring structure as
seen in this false-color
image from the camera.
The bright central object
contains the remains of

the supernova star. -




TOPEX/Poseidon has found that an El Nifio does not dissipate after hitting
the Americas, as had been thought, but instead ricochets back toward Japan and
Australia. There, 1ts effects — although diminished — are felt for several years.
Several such surges can follow each other around the Paafic at three- to four-
year intervals, extending their disruptive effects for as long as a decade

TOPEX/Poseidon also found that the global mean sea level has nsen
2 milhmeters every year since 1992, an increase that muight be caused by melting
ice from polar regions or by the expansion of warm oceamc waters. Given the
scant data collected so far, this trend could be either the first sign of long-term
global warmung — a very serious consequence of “greenhouse” gases pumped
into the atmosphere by human activities — or simply a short-term chmatic
fluctuation. Measurements collected by the oceanographic satellite 1n the near
future should resolve this issue Beyond that, TOPEX/Poseidon findings are
expected 1o lead to a deeper understanding of oceanic dynamics, with benefits
in improved weather forecasting, commerdal shipping and fisheries, pollution
abatement and oid exploration.

Another key JPL tool for Earth observations is the Microwave Limb
Sounder Flying aboard NASA's Upper Atmosphere Research Satellite
600 kilometers above Earth since 1991, this instrument scans the stratosphere
for chemuicals involved in the depletion of the planet’s protective ozone layer —
including the predomnant form of chemically reactive chlonne. Stratosphenc
chlorine comes mamly from chiorofluorocarbons (CFCs) — widely used
refngerant and industnal gases — and destroys ozone.

The Microwave Limb Sounder, which earlier had confirmed chlorne
chemustry as the cause of the ozone hole over Antarctica and provided the first
maps of elevated levels of reactive chlorine over both the Antarctic and Arctic
regions, last year definnively showed a chlonne-linked loss of ozone over the
Arcuic. Arctic loss 1s not as severe as that which typically occurs over the
Antarctic, a difference attributable to the fact that stratospheric temperatures
there do not fall as low, or remam low as long, as they do over the Antarcuc.
Low temperatures lead to the formation of polar stratospheric clouds that
convert chiorine into its destructive forms.

The Laboratory last year also took the measure of Earth’s surface with a
radar mapper, the Spaceborne Imaging Radar-C/X-band Synthetic Aperture
Radar (SIR-C/X-SAR). SIR-C was developed by JPL; X-SAR was developed by
the German space agency, Deutsche Agentur fur Raumfahriangelegenheiten,
and the Italian space agency, Agenza Spaziale Italana, The large, integrated

instrument, filling the cargo bay of the space shuttle, flew two Earth-orbital




y’HE DEEP

SPACE NETWORK

Of all JPL’s capabilities and responsibilities, the Deep Space Net-
work extends deeply, like a tap root, into the Laboratory’s history. The
Network was founded in January 1958 when JPL — still under con-
tract to the U.S. Army — deployed portable radio tracking stations in
Nigeria, Singapore and California to receive telemetry signals from
Explorer 1, the first Earth-orbiting U.S. satellite. After becoming part
of NASA in 1959, the Laboratory established permanent stations for
deep space telecommunications at three sites approximately 120 de-
grees apart around the globe: Goldstone, California; Madrid, Spain,
and Canberra, Australia.

In addition to providing communications and tracking for inter-
planetary and low-Earth-orbiting spacecraft, the Deep Space Network
carries out scientific experiments. In 1994, JPL scientists used the 70-
meter-diameter Solar System radar at Goldstone to image the asteroid
1620 Geographos when it came within 7.2 million kilometers of Earth,
its closest approach for at least the next 200 years. Computerized re-
construction of the radar echoes revealed Geographos to be a fascinat-
ing and unusual object, some 5.1 kilometers long and 1.8 kilometers
wide. This asteroid has the largest length-to-width ratio of any object
yet observed in the Solar System; it has yet to be determined if it is
one, coherent object or two or more fragments moving in formation.

In other observations, JPL scientists studied another asteroid,
Castalia, using the National Science Foundation’s Arecibo Radio Ob-
servatory in Puerto Rico. Castalia appears to be a two-lobed body less
than 2 kilometers across. The detailed, three-dimensional radar im-
ages that were obtained — the first such of an asteroid — confirmed
that asteroids are the most irregularly shaped objects in the Solar Sys-
tem, probably because of countless collisions with other fragmenis re-
maining from the Solar System’s earliest times.

The Deep Space Network’s effectiveness depends to a large extent
on the ability of JPL engineers and scientists to develop technology
that will support future missions at the lowest cost and yet with the
highest reliability and flexibility. In 1994, for example, Network engi-
neers found a way to link, through conventional telephone lines,
spacecraft operating in low Earth orbit and the associated principal

investigators anywhere in the world. The link is made possible by a



small, automated, ground-based antenna called LEO-D (Low Earth
Orbit Demonstration), which can be accessed through telephone lines.
Investigators can direct the antenna terminal to acquire data from
an Earth-orbiting satellite and return that information to their own
computers.

Engineers in 1994 also developed an ionic clock, called a linear
ion-trap standard, which is more precise than any atomic clock now
in operation. The new clock will help scientists conduct a broad range
of radio-science experiments over great distances by detecting ex-
tremely small perturbations in radio signals sent from Earth to a
spacecraft and back again. Gravitational waves rippling through the
Solar System would perturb an Earth-spacecraft system by a very
small amount, distorting the round-trip time of a radio signal ever so
slightly. The ion-trap clock, however, is capable of measuring a pico-
second (1 x 1072 second) variation in a 1,000-second observation
period — about the magnitude of variation that would be expected in
signals between Earth and the Cassini spacecraft at Saturn. Such
variations, if observed repeatedly, would be construed as direct evi-
dence of the existence of gravitational waves.

The Deep Space Network is constantly changing to meet the de-
mands of new space missions. Over the years, its three sites have ac-
quired a variety of antennas: 70-meter-diameter units_(one at each
site); 34-meter-diameter units (Goldstone has a total of eight — five
in service, one on standby and two under construction — while
Madrid and Canberra each have two in service, with a third under
construction at each site), and smaller-diameter units at each site.
Major strides were taken in 1994 toward completing construction of

the four new 34-meter beam-waveguide antennas at the three sites.

With their multifrequency systems, the new 34-meter antennas
— operating alone or in arrays with other antennas — will be able to

support JPL’s far-flung spacecraft. The antennas will capture S-band oy

data from the Galileo spacecraft after it enters orbit around Jupiter, =

K-band radio-science data from the Cassini spacecraft when it arrives —fR— e <
at Saturn soon after the turn of the century, Ka-band telemetry from

New Millennium spacecraft when they begin flights in another few

years and X-band science data from the two Voyager spacecraft as

they approach the heliopause, the boundary between the Solar System

and interstellar space, at a distance of 200 astronomical units.
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russions, each lasting 11 days, in the spnng and fall and took some 20,000 radar
images of volcanoes, flood-devastated regions of the U.S. and Brazl, a tropical
cydone and speafic forest sites around the world.

Both fights could not have occurred at more opportune times: The first
took images of the still-active Mount Pinatubo, a volcano in the Philippines; the
second caught Kliuchevskos, a volcano on the Kamchatka Peninsula, Russia, just
hours after 1t began erupting. A companson of the April and October images of
Pinatubo disclosed mud flows moving down the volcano’s sides and demon-
strated just one of the useful aspects of such radar data.

SIR-C/X-SAR also peered down on the upper Mississippi River drainage
basin, so badly flooded 1n 1993, and 1dentified wide areas now overlain with
sand deposits and hence not presently suitable for planting. Federal and state
agncultural agenaes will be using this information as they work on long-term
recovery efforts.

The mstrument also mapped the area extent and volume of the snow pack
in the Eastern High Sierras of California and in the Austrian Alps to determine
just how much water could begin flowing when spring thaws come. The in-
formation gathered 1n 1994 was intended to prove the underlying concept, but
flood control agenaes should find such data very important in the future

Even human history can be read in the SIR-C/X-SAR data, because the
microwave pulses emitted by the radar can penetrate dry sand or vegetation to
varyimng depths before being reflected back up to the instrument’s antenna. The
SIR-C/X-SAR team pursued a 1992 Landsat satellite discovery of what might be
the anaent ¢ty of Ubar in southern Oman, on the Arabian Peminsula. The team
uncovered a network of roads and buned riverbeds that converges on the city,
suggesting that this site could have been Ubar, a major trade center that
flourished from about 2800 B.C. to 300 A D Prelimunary excavations are being
carnied out at the site by archeologists using the SIR-C/X-SAR images

Sirmularly, the radar revealed the ruins of Niya, an ancient settlement
under the sands on the legendary Silk Road n the Takhmakan Desert in western
Chmna. Saentists are also studying measurements collected around the pyrarmds
in Egypt and the Angkor-Wat temple complex 1n Cambodia for hints of long-
buried secondary structures.

SIR-C/X-SAR data can be combined with those from TOPEX/Poseidon
and the Microwave Limb Sounder in ways that yield mnsights mnto terrestrial
processes. For examnple, SIR-C/X-SAR can detect the movement of ocean water,
while the oceanographic satellite can “see” the higher elevation of warm water.
When the two data sets are correlated, currents like the Gulf Stream in the

Atlantic and the Kuroshio in the Paafic take on a third, more realistic dimension.



Indeed, the space radar, with its three frequenaes — X-band (3 centime-
ters), C-band (6 centimeters) and L-band (23 centimeters) — has suggested so
many valuable apphicanons that JPL is proposing a free-flying, Earth-orbital
version that would monitor the planet continuously, just as TOPEX/Poseidon

and the Microwave Limb Sounder do.

eg ECHNOLOGY AND APPLICATIONS PROGRAMS

The Technology and Applications Programs (TAP) Directorate carries out a
broad range of work for NASA and other sponsors. For NASA, the directorate 1s
developing advanced technologies that will be needed for future space explora-
tion — such as microsized devices, supercomputer technologies, robotics and
telerobotics, optics, rovers, advanced matenals and structures, inforrnation
systems, autonomous systems and power and propulsion sources. For non-
NASA sponsors, it is applying JPL’s speaal capabilities to technical and scientific
problems of national significance.

In 1994, TAP was asked to extend the Corps Battle Simulation system —
a computenzed, interactive traimng program for U.S. Army brigade and bat-
talion commanders — to other simulation systems representing hugher and
lower command levels. This addition significantly enhances the realism and
fidelity of ihe various ground combat situations Army personnel might someday
have to confront.

One of the directorate’s major achuevements 1n 1994 was the demonstra-
nion of an advanced camera system based on active-pixel sensors. These sen-
sors, under development at JPL since 1992, are more like computer chips than
charge-coupled devices (CCDs) — the dominant imaging technology of recent
years — in that several functions (such as photon capture, signal amphfication,
timing and analog-to-digital conversion) can be sequentially deposited on a
standard semiconductor substrate. Most of this work was conducted at JPL’s
Center for Space Microelectronics Technology, a facility sponsored jointly by
NASA, the Departments of Energy and Commerce, the Advanced Research
PFojeas Agency, the Ballisuc Missile Defense Organization and industry.

JPL’s demonstration camera 1s a 256- by 256-pixel array with integral
timing and control circuits and needs only a power source and a lens to function
as an 1naging system. Although its resolution 1s presently not as high as a CCD
unit’s, the active-pixel camera needs less than a hundredth of the power

required by a CCD camera and might someday find application 1n a broad range
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of science programs, as well as in consumer products ranging from video
telephones and safety devices to toys.

Equally promising is another new camera system called Quantum-Well
Infrared Photodetector. This unit is designed to capture very faint thermal
radiation and could become an important elerment in the Mission to Planet Earth
program by mapping pollutant gases, geologic structures and surface tempera-
tures. It could also be used to capture infrared radiation from distant objects in
the Universe.

TAP is also actively involved in transferring Federally sponsored technol-
ogy to industry and other Government agencies. The Southern California firm
of Allen Osborne Associates, for example, last year introduced a lightweight
(4.3-kilogram) receiver that picks up the communications signals from the
Global Positioning System, a Department of Defense network of 24 satellites
orbiting 20,000 kilometers above Earth. The receiver, based on a JPL design
from the late 1980s and called “TurboRogue,” can track as many as eight Global
Positioning System satellites simultaneously and thereby determine the relative
positions of two or more locations on Earth with millimeter accuracy.

Such predision is of great interest to scientists monitoring the very slight
movements of Earth’s crustal plates for earthquake and volcano research.
Indeed, JPL and U.S. Geological Survey scientists in 1994 used TurboRogue
receivers to study the ground shifts caused by the Northridge, California,
earthquake of January 17, 1994. Analysis of the temblor data revealed that
Oat Mountain, a peak of the Santa Susana Range that borders the north end
of the San Fernando Valley, was lifted 38 centimeters, and moved 16 centime-
ters north and 14 centimeters west of its prior position, as a result of the tremor.

The receivers, in effect, captured mountain building in progress.

MW WAYS OF DOING BUSINESS

The process of change at JPL is not limited to projects and systems
development; the Laboratory is also changing its work force, its business
practices and its organizational structure in response to the new environment.

JPL’s annual budget ($1.05 billion in 1994, down from $1.1 billion in
1993) is sensitive to NASA’s budgetary fortunes — and NASA faces an austere
future. Because this projected austerity could affect program areas of major
interest to the Laboratory, JPL believes it only prudent to plan accordingly. All

Laboratory salaries were thus frozen for Fiscal Year 1995, an action also taken
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last year at mne other Federally Funded Research and Development Centers
around the nation. JPL’s salary freeze was a response to dedlining budgets and
a demonstration of the Laboratory’s sensitivity to costs.

Indeed, economy measures have been under way at the Laboratory
since 1992, when plans were announced to reduce the work force from that
year’s level of some 6,400 JPL employees and 1,500 contractors to 5,300 and
1,200, respectively, by 1997 As 1994 ended, the Laboratory was slightly ahead
of schedule: The work force stood at some 5,900 Laboratory personnel and
1,300 contractors.

Along with downsizaing, JPL made three significant organizational changes
in 1994. The first was the creation of a new organization, the Telecommunica-
tions and Mission Operations Directorate. Formed out of most of the former
Flight Projects Office and the Telecommunications and Data Acquisition Office,
the new directorate compnses the Galileo, Magellan, Voyager and Ulysses flight
projects, the Deep Space Network and the Multi-mission Operations Systems
Office. The consohidanon eliminates some overlapping functions of the previous
offices and also provides for more efficient management of flight projects and
tracking operations.

For example, “uplink” and “downlink” are now seen as complementary
parts of the same process — communications between ground stations and
spacecraft — and therefore manageable by a more streamlined organization.
The Voyager Project, faced with a $3 million reducuon in operating funds last
year, reorganized from 48 people and 5 teams to 24 people and just 2 simple,

functional teams — Uplink and Downlink. Other JPL flight project offices have

- independently devised solutions to the problem of mussion operations costs

Galileo, for instance, last year consolidated similar tasks scattered among dif-
ferent operations teams and developed flight software sequences on a “Just-
in-Time" basis, reducing staffing and saving $13 million.

The second major organizational change last year was the establishment of
another new directorate, Space and Earth Science Programs. Formed out of the
former Office of Space Science and Instruments and those flight projects not
transferred to Telecommunications and Mission Operations (the TOPEX/
Poseidon satellite and the Spacebome Imaging Radar Project), this directorate
has a charter that indudes astrophysics and some parts of Mission to Planet
Earth, as well as the development of new, small-to-moderate missions to the
planets other than Mars.

The development of these small-to-moderate missions was an important
consideration in establishing Space and Earth Saence Programs. Like other

orgaruzations that have instituted systemic change, JPL recognized that well-



established ways of doing things, espedially if successful, often hunder the
mtroduction of new approaches. To meet the challenge of “faster, better,
cheaper” mussions and instruments, the Laboratory felt it necessary to create
a new environment — hence, Space and Earth Saence Programs.

The new directorate oversees the New Millennium effort, SIRTF; WIRE;
the Wide Field/Planetary Camera; Pluto Express; the Discovery senes of small
mussions; the Rosetta/Champolhion cometary explorer, which 1s a joint venture
between NASA énd Centre National d’Etudes Spauales; the Seawinds scatter-
ometer; the Miccowave Limb Sounder; the Mulu-angle Imaging Spectro-
radiometer, the Advanced Spaceborne Thermal Emission and Reflection
Radiometer; the Atmosphenc Infrared Sounder/Atmosphenc Trace Molecule
Spectroscopy; Solar Probe, and space-based interferometry missions.

The third major 1994 orgamzanonal change transferred the Cassini
Project and the Mars Exploration Program Office from their previous orgamiza-
tions to the Laboratory’s Office of the Director This direct-reporting arrange-
ment recogruzes the importance of these two efforts to the nation, to NASA
and to JPL

Behind the Laboratory’s scientific and engineenng accomphishments are
the adminstrative and business personnel whose dedicated work makes JPL's
saentific and engineenng endeavors possible: procurement and contracts
officers, documentation wnters and editors, software specialists, human re-
sources managers, graphic designers, secretaries, administrative assistants,
finanacial analysts, attorneys, architects, machsnists, electrical and electronic
techmdians, plumbers, carpenters and others

These people are as committed as JPL engineers and saentists to trans-
forming the Laboratory into a better, more efficient organization. For example,
in 1994, the Business Operations Directorate looked at the procurement of
software and decided the process could be improved. In the past, an order for
new software passed through 14 people, required 12 approvals and was entered
n 5 separate data banks; on average, 1t took almost 18 days between placement
of an order and receipt of the software

After surveying organizanons outside JPL that had already successfully
apphed Total Quality Management pnnaples to the same problem, Business
Operations personnel developed a new, simpler procedure based on the Just-in-
Time concept. Now, when commeraally available software is ordered, only six
people are involved, one approval 1s necessary, one data bank entry is made and
the package 1s delivered to the employee within two days of the order place-

ment — almost a 90-percent reduction 1n cycle ume. The new system also has
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the advantage of being nearly paperless. So successful has the new system
been that it will be extended to the acquisition of other products, with projected
savings of some $5 million a year.

In another demonstration of reengineering, the Contracts Management
Office and Financial Management Division merged to become the Contracts and
Finance Division. By consolidating functions, this new organization reduced the
backlog of unpaid invoices to a few thousand, which can be processed and paid
within the required 30-day period.

JPL showed its responsiveness to customers’ concerns last year when it
improved its management of Government property. A 1993 Government Audit-
ing Office report questioned the use of computers and other equipment by JPL
employees off-site, even though neither the Government Auditing Office nor
the Laboratory found any evidence of misuse. By the end of 1994, JPL employ-
ees had returned 90 percent of the loaned equipment and the remainder was
revalidated for off-site use. In a property inventory conducted last year, equip-

ment losses were less than half those of the previous survey period.

@ROGRAMS TO STRENGTHEN THE NATION

Although changes are reshaping its work processes and organizational
structure, JPL remains a premier space sdence, engineering and applications
laboratory. JPL programs are designed to promote research and technical
innovation, and to support national goals in technology commerdalization,
education and social responsibility.

Through programs of discretionary funding such as the Director’s
Discretionary Fund, the Laboratory encourages work on innovative and seed
research efforts — even those that have not received conventional task-order
funding. Proposals eligible for Director’s Discretionary Fund monies cover a
broad range of sciences and technologies, including advanced optical systems,
microinstruments and small payloads. Last year, NASA contributed $3.5 million
to the Fund; various reimbursable funds contributed an additional $137,000.
The Fund initiated 22 new research tasks, made additional awards to extend the
objectives of 4 ongoing tasks and provided assistance to several other efforts.

1994 saw many Laboratory accomplishments in the areas of educational

affairs and minority initiatives. For example, the Minority Science and Engi-

neering Initiatives Office — which is part of the JPL Educational Affairs Office —

along with the JPL Information Systems and Operations Division and Caltech
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In recognition of techmcal mnovation, NASA last year awarded JPL
employees $151,750, including approximately $53,000 in NASA Tech Briefs—
related honors and $41,500 under the Software of the Year Awards.

The JPL Technology Affiliates Program gives U.S. compantes direct access
to the Laboratory’s technology base. One-on-one relationships between
company employees and JPL personnel facihtate the rapid application of
solutions to problems that may be costing firms product-introduction time and
money. Duning 1994, the program grew from 48 to 57 participating comparues.
JPL has performed nearly 185 individual tasks in the six years since the
program’s inception.

Through NASA’s Small Business Innovation Research Program, JPL last
year awarded over 70 contracts, providing small businesses with approximately
$15.5 million n resources to develop new dual-use technology for NASA and
commeraal applications

In response to Federal and NASA 1nitiatives, JPL has insututed a program
of Technology Cooperation Agreements to pursue dual use of Federally funded
technology through cooperative arrangements with U.S, industry. These
agreements between JPL and other organizations are mutually benefical and
mvolve no transfer of funds. In Fiscal Year 1994, JPL signed 16 such agreements,

and 11 others are in negotiation

% HALLENGES FOR THE FUTURE

As 1994 drew to a dose, the Laboratory had much to be proud of — and,
looking ahead, many challenges to face. JPL has begun to change n response to
the new national environment, but must continue to be orgamzationally and
programmatically agile enough to deal with further change. Drawing upon the
capabilities and dedication of its staff, JPL has faced adversity in the past and
surmounted it — and can do so again.

The Laboratory behieves that the American people want and will support
an ambitious, well-planned and cost-consaous avil space program — and that
the projects and tasks to which the mfted people of JPL contmbute daily will

amply reward socety in both the short- and long-term.
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%ONORS AND AWARDS

During 1994, a number of speaal honors, NASA Honor Awards and
Laboratory honors were presented to JPL employees in recognition of their
exceptional achievemnents and service. Special honors are awarded to both
mdividuals and groups by a variety of organizations and professional so-
deties. The annual NASA Honor Awards are presented to JPL employees by

NASA 1n recognition of outstanding individual achievements Through a

vanety of special appointments, Caltech Campus and JPL recognize the

accomplishments of individuals and promote the exchange of information

mn areas of research.

SPECIAL HONORS

Aerospace Laurel Citation 1994,
Aviation Week & Space Technology
Galileo flight team, for unique images
of comet Shoemaker—Levy 9°s collision
with Jupiter, and the discovery of
Dactyl, a moon orbiting asterowd

Ida 243

CNES Medal, Centre National
d’Etudes Spatiales

TOPEX/Poseidon Team. Lee-Lueng Fu,
William C Patzert and Charles A.
Yamarone, Jr.

Discover Award for Technological
Innovation in Aviation and
Aerospace, Discover Magazine

Magellan Project, for spacecraft
aerobraking maneuvers

Doctor of Engineering Honorus
Causa, Valparaiso University

Ronald A Ploszaj

Elected Fellow, American
Geophysical Union

Jean O Dickey

Elected Fellow, American
Meteorological Society

Moustafa T. Chahine

Elected Fellow, American
Physical Society

Santosh K. Srivastava

Elected Fellow, California
Academy of Sciences

David Halpern

Elected Fellow, Institute of
Electrical and Electronics
Engineers

Em G Njoku

Elected Fellow, Institute of
Environmental Sciences

Milena Krasich

Medal of Excellence 1994, Women
at work

Bobbie J Fishman

Most Promising Engineer for 1994,
Hispanic Engineer National
Achievement Awards Conference

Luis J. Ramirez

Nevada Medal, Desert Research
Institute of the Nevada University
and Community Colliege System

Charles Elachi

Technology Hall of Fame 1994,
National Space Foundation
JPL-developed digital-imaging
technologies and excimer laser, which
have contributed to the advancement of
medical diagnosts and treatment



NASA HONOR AWARDS

QOutstanding Leadership Medal
* Charles Elachi

® Larry L Simmons

e John T Trauger

Exceptional Achievement Medal
* Maurice J, Argoud

» Willis E. Chapman
* Lois L. Cunningham
e Esker K Dawvis

e Usama M Fayyad

» Lee-Lueng Fu

» David B. Gallagher
* UIfE Israelsson

s Peter T Lyman

e Steven A Macenka
» James P. McGuire

» Donald E. Rockey

» Eugene H Trinh

» Arthur H Vaughan

Exceptional Engineering
Achievernent Medal

» James L. Fanson
¢ Brian D Hunt
® Robert P Korechoff

Exceptional Service Medal
e Jean H Aichele

» Teofilo A Almaguer, Jr.
» Irving M. Aptaker

» Genjt A Arakaki

o Jewel C Beckert

» Daniel Bergens

» Jacqueline A Booker

* Madge J. Breslof

* Mary Fran Buehler

e Philip S Callahan

» Barbara 1. Carter

® Charles B. Chapman Il
¢ Gregory E. Chin

s Edward J. Christensen
o Theodore C Clarke

* Donald I Collins

e Joseph H Courtney

® Szaboles M de Gyurky
* Michael W, Devirian

® Omer F. Divers

¢ David F Doody

» George F. Ervin

* Rene Fradet

* George A. Fraschetti
® Raymond B. Frauenholz
® Mark S Gatti

* Robert Gershman

s Carl S Guernsey

» Robert P Gustavson
o Gerald Halpert

e Cheryl A. Hanson

¢ Bruce M. Hayes

s Alan R Hoffman

¢ Edward H. Imlay

® Thomas C. Jedrey

e Tooraj Kia

¢ Kenneth P Klaasen
¢ Deanna M Kraemer
s Carol L Lachata

* Philip L Leung

» Ranty H Liang

» Kimberly A. Lievense
e Doris Littlejohns

» Thomas G. Loesch

s Guy K Man

* Susan K. McMahon
o Jeff Miller

e Beverly K Morales

» Albert Y Nakata

s Jeffrey W Osman

e TomY Otoshi

» William C. Patzert

* Richard F Rathcke

® Mary E Reaves

e Donald R. Royer

® Frank J Salamone, Jr
* Ronald P, Salazar

& Dennis J. Shebel
 William D. Smythe

® Ronald E Steinkraus
® Robert A Stiver

* Randall L. Taylor

* Barbara J Toth
 Charles J Vegos

o Jack D. Wells

» Melvin N Wilson, Jr
» Mona M Witkowski
» Sun Kuen Wong

Equal Employment Opportunity
Medal

¢ Krishna M Koliwad
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SPECIAL APPOINTMENTS

Distinguished Visiting Scientist

* Freeman Dyson, Science Education
and Small Missions in Space —
Institute for Advanced Study, Princeton,
New Jersey

s Richard G Gordon, Tectonics and
Kinematics —

Northwestern University, Evanston,
Nlinois

s Sally K. Ride, Space Plasma Physics —
California Space Institute, University of
California, San Diego, San Diego,
California

s Carl Wunsch, Oceanography —
Massachusetts Institute of Technology,
Cambnidge, Massachusetts

Senior Research Scientist

« Eric R. Fossum, Semiconductor Device
Saence

e Lee-Lueng Fu, Physical Oceanography

» Donald K. Yeomans, Solar System
Dynamics

Senior Technical Specialist
& Carl S Christensen

» Jordan Ellis

» Roy J. Marquedant

« William Rafferty

o Homayoun Seraji

® Barbara A Wilson

David Morrisroe Professorship
in Physics

» Edward C. Stone



EXECUTIVE COUNCIL OF THE

JET PROPULSION LABORATORY

Edward C. Stone
Director

Larry N. Dumas
Deputy Director

Moustafa T. Chahfne
Chief Scientist

Kirk M. Dawson
Associate Director

John R. Casani
Chief Engineer, Office of Engineering and
Mission Assurance

.
Charles Elachi
Director, Space and Earth Science Programs
Directorate

James A. Evans
Director, Technology and Applications
Programs Directorate

Norman R. Haynes &
Director, Telecommunications and Mission
Operations Directorate

John Heie

Director, Business Operations Directorate

James King, Jr.
Director, Engineering and Science Directorate

Harry M. Yohalem
General Counsel

CALTECH BOARD OF TRUSTEES COMMITTEE

ON THE JET PROPULSION LABORATORY

Robert Anderson
Chairman Emeritus, Rockwell International

Harold Brown
Counselor, Center for Strategic and
International Studies (CSIS)

Walter Burke
President, Sherman Fairchild
Foundation, Inc.

Mildred S. Dresselhaus

Institute Professor of Electrical Engineering
and Physics, Massachusetts Institute

of Technology

Thomas E. Everhart
(Ex Officio)
President, California Institute of Technology

Shirley M. Hufstedler
Partner, Hufstedler & Kaus

Bobby R. Inman
(Vice Chairman)
Private Investor

Eli S. Jacobs
E. S. Jacobs & Company

Ralph Landau
Listowel, Inc.

Yuan T. Lee
Nobel Laureate and President,
Academia Sinica

Ruben F, Mettler
Retired Chairman and CEO, TRW, Inc.

Gordon E. Moore
(Ex Officio)
Chatrman, Board of Trustees, California
Institute of Technology,; Chairman,
Intel Corporation

Pamela B. Pesenti
Trustee, Santa Barbara Museum of

Natural History

Stanley R. Rawn, Jr.
Private Investor

Albert D. Wheelon
(Chairman)

Chairman and CEO (Retired), Hughes
Aircraft Company

CONSULTING MEMBERS

R. Stanton Avery

Chairman Emeritus, Board of Trustees,
California Institute of Technology:
Founder and Chairman Emeritus,
Avery Dennison Corporation

Mary L. Scranton
Nonprofit Consultant

ADVISORY MEMBERS
Thomas W. Anderson
Paul C. Jennings
Steven E. Koonin
Edward C. Stone

Harry M. Yohalem
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